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Abstract. We present an analysis of new data from Experiment E850 at BNL. We have
characterized the inclusive cross section near the endpoint for pp exclusive scattering
in Hydrogen and in Carbon with incident beam energy of 6 GeV. We select events with
a pair of back-to-back hadrons at large transverse momentum. These cross sections are
parameterized with a form dσ
dXL
∼ (1−XL)
p, where XL is the ratio of the longitudinal
momentum of the observed pair to the total incident beam momentum. Small value
of p may suggest that the number of partons participating in the reaction is large and
reaction has a strong dependence on the center-of-mass energy. We also discuss nuclear
effects observed in our kinematic region.
There are two main questions which can be addressed in the study of the Longi-
tudinal Momentum Fraction carried by a pair of large Pt final state particles in the
pp→ppX reactions. We learn first something about the number of partons involved
in the interaction. Concluding, as we will, that the number of partons involved is
large, we discuss a mechanism for picking up a momentum boost from the spectator
nucleus in events where the observed momentum fraction is equal and larger than
the incoming momentum.
We defined the Longitudinal Momentum Fraction variable XL as:
XL =
PL1 + PL2
PLinc
. (1)
Here PLinc is the momentum of the beam coming along the Z-axis, PL1 and PL2 are
the longitudinal components of the two detected out-going particles having large
transverse momenta. We have argued that the two detected out-going particles
in the pp→ppX reaction are protons [1]. We then expect the shape of the cross
section, as XL approaches unity, to reflect the number of partons participating in
the collision. If the cross section is parameterized as
dσ
dXL
∼ (1−XL)
p (2)
then a large p is expected for single parton collisions, reflecting the endpoint be-
havior of structure functions and fragmentation functions [2]. As the number of
participating partons increases, we expect the power p to be reduced.
In the experiment discussed here, we measure p for selected classes of two track
events. Our result, that p is in the range of 1-2, indicates that many partons are
participating in the hard process. It can be expected that the cross section may
be falling very rapidly with center-of-mass (cm) energy for these events, perhaps
similar to the pp elastic energy dependence.
The cm energy dependence of the underlying pp→ppX cross section is affected
by the number of partons participating in the interaction. The underlying cross
section falls with energy as a power of energy, and that power increases as the
number of partons increases. It is known that for exclusive scattering, the cross
section has a dependence on the cm energy given by (s is a Mandelstam variable)
σ ∼ s−m, m = (n1+n2+n3+n4− 2) for a process with n1+n2 partons→ n3+n4
partons [3].
With this observation about the nature of the selected pp→ppX events, we can
further conclude that interesting nuclear effects would also be expected. The nu-
cleus can change the cm energy of the incident proton and the nuclear proton
by virtue of nuclear fermi momentum. If the nucleus contributes a target proton
which is moving in the direction of the beam particle, the cm energy is reduced.
Because the increase in cross section associated with a reduction in cm energy is
very large, we can expect a strong bias for the nucleus to contribute momentum
to the scattering process in the forward direction. The typical magnitude of this
nuclear contribution to the final state momentum may be much larger than typical
fermi momentum seen in other processes.
Since the nucleus tends to add positive momentum to the two final state particles,
in some sense, the stopping power for these events is apparently negative. When
one compares the same pp→ppX processes measured in nuclear matter with that
measured in Hydrogen, the effect of the nucleus is to move strength in the XL
distribution to larger XL. If a ratio, like a transparency ratio of the cross section
in nuclear matter to that measured in Hydrogen is calculated, the ratio will be
artificially enhanced.
The data used for this analysis was collected on two targets 12C and CH2 using
the EVA Spectrometer (E850 Exp., BNL, AGS ). The CH2 target enabled us to
extract cross sections for free proton (Hydrogen) scattering. The acceptance of the
detector for two high Pt tracks in the r-z plane was centered around the opening
angle for elastic pp→pp scattering at 90◦ in the cm frame [4]. Charged particle
acceptance in the azimuthal angle was nearly 2pi.
In Fig. 1, we present the XL distribution for Carbon and Hydrogen. In one case
we applied a ’semi-elastic’ cut (two and only two charged tracks in our charged track
acceptance) which allowed us to look at the XL distribution for pp→pp events with
a background of pp→pp+X0 and pp→pp+Xcharged. The quasi-elastic signals have
been extensively analyzed elsewhere [4,5].
Secondly, we select a more inclusive data set made up of events with two high
Pt tracks but any number of additional lower momentum charged tracks in the
pp→ppX process.
We have fitted XL distribution with a form (here A and p are the fit constants):
dσ
dXL
= A ∗ (1−XL)
p +Gaussian (3)
The polynomial part of the fit was restricted for XL <1 while the Gaussian is
included to account for the quasi-elastic contributions near XL ≃ 1.
The peak corresponding to the Gaussian part of the fit is actually shifted for
Carbon events from XL = 1 towards larger XL because of the s
−10 dependence of
the pp→pp reaction’s cross section.
We have determined the power of the polynomial in the fit to be in the range
1.1-1.8 depending on the tightness of the cuts around the region of the elastic
kinematics. According to our interpretation, we conclude that the number of quarks
participating in the process is large. Consequently, the power m of s−m dependence
of the cross section would be expected to be large as well.
In Fig. 1, the effective ratio for scattering in Carbon vs Hydrogen is shown.
While the ratio is well in excess of Glauber levels, our interpretation is that the
Carbon distribution is enhanced due to the strong energy dependence of the cross
section.
A recent study of neutron correlations from this experiment (E850 collaboration
at BNL) has shown an anomalously large yield of neutrons going into the back-
ward hemisphere in pp→ppX reactions compared to the yields reported by other
experiments [1,6]. This result was observed with a data sample similar to the one
described above. A possible interpretation of this phenomenon is that strong s-
dependence of the cross-section for this class of events may select events with large
positive fermi momentum. The nucleus must balance this momentum by some kind
of recoil in the backward direction. The idea that most of the recoil momentum is
absorbed by a single recoiling neutron leads to the prediction of enhanced backward
neutron production [7]. Since a large yield of backward neutrons has been observed
in the pp→ppX data set described here, the picture seems to have merit.
Keeping this in mind, we looked at the XL distribution for Carbon and Hydrogen
(Fig. 1). In the case of exclusive events with two high Pt particles, we can clearly
see the shift in the position of the Gaussian peak in the Carbon sample. This
effect is known to be caused by the s−10 dependence of the cross section. We have
compared the more inclusive data set distributions for Carbon and Hydrogen for
pp→ppX and interpreted the enhanced ratio as evidence for a similar shift in the
Carbon distribution with respect to the Hydrogen for this more inclusive sample
as well.
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FIGURE 1. LEFT: XL distributions for Carbon nucleus and 6*(Hydrogen) with two and only
two tracks cut. RIGHT: Ratio of the Carbon signal to the 6*(Hydrogen) signal with two and
only two tracks cut.
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